A left thoracotomy for decortication of an infected haemothorax was performed on a 52-year-old man with a partially infarcted left lower lobe that occurred as a rare complication of a pulmonary venous embolus. Before the completion of surgery, after an uncomplicated 40 minutes of one-lung ventilation, the left lung was temporarily re-expanded to assess air leak. On the resumption of one-lung ventilation the SpO 2 fell rapidly to 85%, despite apnoeic oxygenation of the non-ventilated lung. In the absence of evidence of double-lumen tube displacement, intra-pulmonary shunting as a consequence of impaired hypoxic pulmonary vasoconstriction in the newly expanded markedly pathological lung is considered the most likely mechanism.
Although arterial oxygen desaturation is a wellrecognised complication of one-lung ventilation, there is marked variation in its reported incidence. Brodsky and Lemmens 1 reported an SpO 2 of less than 90% in as few as 14 of 1170 patients, although "many patients were initially treated with CPAP … while the cause of hypoxemia was sought and corrected". using a more sensitive indicator of arterial desaturation (a P a O 2 of less than 80 mm Hg), Inoue et al 2 recently reported that as many as 30% of their 152 ASA physical status I and II patients required either positive end-expiratory pressure (PeeP) to the ventilated lung, continuous positive airways pressure (CPAP) with oxygen to the non-ventilated lung, or periods of two-lung ventilation. from our own institution in 2001, one anaesthesia/ thoracic surgical team reported that since routinely employing during one-lung ventilation the theoretical advantageous practice of apnoeic oxygenation via the non-ventilated lung 3 , there had not once been the need to administer CPAP or to return temporarily to two-lung ventilation 4 . now, the present case is one of only two (out of more than 250) in which the SpO 2 fell to below 90% and in which reexpansion of the non-ventilated lung was required.
Although the present case is interesting in itself, we felt that because of our low incidence of arterial desaturation, it was especially important to analyse how desaturation occurred, and occurred so abruptly in this particular case.
HIStORy
A 52-year-old previously healthy male presented to a provincial hospital with a two-day history of fever, increasing dyspnoea and chest and abdominal pain. Chest X-ray showed features of left lower lobe consolidation, and computer tomograph (Ct) pulmonary angiogram showed multiple, bilateral pulmonary emboli and features suggestive of a haemorrhagic area in the left lower lobe. Ct abdomen showed infarcts in both kidneys, the liver and spleen. Mechanical ventilation was required, a left chest drain was inserted to treat a tension pneumothorax, and prompt transfer to our hospital was arranged. Doppler ultrasound on arrival demonstrated a right saphenous deep vein thrombosis and transoesophageal echocardiography identified a fenestrated septum primum (a relatively rare defect in the atrial septum). A vena caval filter was inserted, investigations for a hypercoagulable state proved negative, and haemodialysis was subsequently required for renal failure. ten days following admission a left thoracotomy was planned to evacuate clot and suspected empyema that had collected in association with extensive consolidation of the left lower lobe. the Ct also showed evidence of suspected inflammatory changes in both lungs (figure 1). the patient at that time was still being mechanically ventilated on pressure support ventilation with 5.0 cm H 2 O PeeP, and an f I O 2 of between 0.35 and 0.45 to maintain a P a O 2 of the order of 100 mmHg.
the anaesthetic was unremarkable for most of the operation. A 39 fG left-sided Sher-i-bronch doublelumen tube (Sheridan, Hudson Respiratory Care Inc, temulca CA, u.S.A.) was used to replace the existing endotracheal tube and its correct position was confirmed with fibreoptic bronchoscopy. When one-lung ventilation was initiated, an oxygen source at ambient pressure was attached to the non-ventilated lung as is our usual practice 5, 6 , and ventilation continued with oxygen/air/sevoflurane (fIO 2 of 0.8).
Over the first 40-minute period of one-lung ventilation the SpO 2 did not fall below 99%. During this time, 1300 ml of organizing haematoma was carefully dissected, not only from the surface of a heavily congested left lower lobe, but also from the lung parenchyma of an associated segmental infarction. When the dissection was completed the left lung was re-expanded to a pressure of 40 cm H 2 O to assess the magnitude of what proved to be a moderate air leak from the freed, haemorrhagic lung surface. An attempt was then made to return to one-lung ventilation, but the SpO 2 fell to 85% in a matter of minutes, so forcing the resumption of two-lung ventilation. Because surgery on the lung had been completed, chest drains were placed and the chest was closed without returning to one-lung ventilation. On two-lung ventilation and an f I O 2 of 0.6, the SpO 2 remained not less than 97% for the remaining surgery. Postoperatively, pressure support ventilation and PeeP were continued for a further six days at an f I O 2 of the order of 0.3 to 0.4, and there was a slow but progressive improvement in the radiological appearances of the left lower lobe. He was slow to wean from the ventilator and, after a failed extubation at day 6 a tracheostomy was performed at day 10 and removed seven days later. He was discharged four weeks after the thoracotomy, for follow-up by the haematologists, renal physicians and cardiologists/ cardiac surgeons. At review six weeks following discharge he was generally well and exercising with fiGure 1: two slices of a Ct scan of a 52-year-old mechanically ventilated patient. (Streak artefact due to arms being by side). Slice A: At the level of the hilum there is collapse/consolidation of the left lower lobe, with a posterior wedge-shaped component of reduced attenuation extending to the pleural surface "which may reflect haemorrhage/necrosis/infarction". In the right lung there is less marked parenchymal opacity seen within the right lower lobe superior segment. Slice B: More caudally, at the level of the left ventricle, the collapse/consolidation and the wedged shaped component of reduced attenuation in the left lower lobe are again shown. More anteriorly there is evidence of increased density with possible cavitation within the lingular segment of the left upper lobe. In the right lung, the patchy air space opacity is again seen.
case rePort
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DISCuSSIOn
Because lung tissue has three sources of oxygenation, namely the pulmonary circulation, the bronchial circulation and the alveoli, segmental pulmonary infarction is an extremely rare event following pulmonary venous embolism 7 . In the case described, the totally infarcted area of lung that showed on X-ray for very many months, will have been surrounded by a region of adjacent lung with a critical level of oxygenation. We suggest that the elective reexpansion of the non-ventilated lung to assess air leak served to expand or partially expand this surrounding ischaemic lung, and possibly also part of the infarcted area. How this manoeuvre resulted in prompt arterial desaturation on a return to one-lung ventilation was of considerable interest to us.
It is possible that a pulmonary embolus from the artery supplying the infarcted lobe was dislodged by the pressure-testing manoeuvre, and carried to the pulmonary artery of the dependent lung. However, there was no clinical evidence of a fall in cardiac output, and the SpO 2 returned to a high level on resumption of two-lung ventilation with an f IO2 of 0.6. It is also possible that the same pressure-testing manoeuvre could have altered the position of the double-lumen tube, such that its bronchial cuff partially obstructed the right main bronchus. However, there was no observed increase in peak or plateau ventilating pressures.
thus, in the absence of a plausible alternative explanation, we suggest that the active re-expansion pressure-testing manoeuvre resulted in a restoration of the pulmonary circulation in the ischaemic region surrounding the infarcted lung, and possibly also in part of the infarcted lung itself. It is further hypothesized that on the return to one-lung ventilation, the newly expanded pathological lung collapsed promptly and that an appreciable intra-pulmonary shunt occurred. We envisage that this was due to a grossly impaired hypoxic pulmonary vasoconstriction response in the markedly pathological lung. A prompt collapse of the newly expanded lung is assumed, because our experience suggests that if collapse had been dependent on ongoing gaseous uptake, the process of apnoeic oxygenation would in theory have delayed the onset of arterial desaturation 3 . Impairment of hypoxic pulmonary vasoconstriction in the re-collapsed markedly pathological lung is assumed because this normal response in a collapsed normal lung would have effectively reduced pulmonary blood flow to a similar degree to that seen in response to a low alveolar PO 2 [8] [9] [10] [11] . A reduced hypoxic pulmonary vasoconstriction response has also been offered previously as the likely explanation for the arterial desaturation that developed soon after the initiation of one-lung ventilation in a patient with interstitial lung disease associated with bronchiolitis 12 . this recent case report by Baraka et al included in discussion a concise overview of hypoxic pulmonary vasoconstriction, and also two animal-study references that suggested a reduction in hypoxic pulmonary vasoconstriction occurs in "certain types of lung diseases including pneumococcal pneumonia, granulomatous pulmonary disease and chronic obstructive pulmonary disease". In addition to a possible impairment of hypoxic pulmonary vasoconstriction in patients with diffuse lung pathology, an associated reduction in lung compliance will result in high inflation pressures during one-lung ventilation, with likely diversion of pulmonary blood flow to the non-ventilated lung.
In our case, it is of interest that oxygenation was well maintained for a 40-minute period of one-lung ventilation before the elective re-expansion of the non-ventilated lung, despite extensive consolidation of the lower left lobe and Ct evidence of inflammatory changes in both the ventilated (right) and the nonventilated lungs. Similarly, well maintained oxygenation (SpO 2 not less than 90%) in a whole range of one-lung ventilations has been the experience of one surgical/anaesthetic team at our hospital ever since apnoeic oxygenation of the non-ventilated lung was adopted as a routine practice 4 . We propose that the very early presentation of desaturation was a consequence of the presumably low-compliant area of lung collapsing down promptly on the return to one-lung ventilation, so removing the theoretical advantageous effect of apnoeic oxygenation during the process of absorption atelectasis.
